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Abstract

Background The transcribed ultraconserved regions (T-UCRs) are a novel class of long non-coding RNAs and are involved
in the development of several types of cancer. Although several different papers have described the oncogenic role of Uc.63+,
there are no reports mentioning its importance in gastric cancer (GC) biology.

Methods In this study, we evaluated Uc.63+ expression using clinical samples of GC by qRT-PCR, and also assessed the
correlation between Uc.63+4 expression and clinico-pathological factors.

Results The upregulation of Uc.63+ was significantly correlated with advanced clinico-pathological features. Knockdown of
Uc.63+ significantly repressed GC cell growth and migration, whereas overexpression of Uc.63+ conversely promoted those
of GC cells. In situ hybridization of Uc.63+ revealed its preferential expression in poorly differentiated adenocarcinoma.
We further conducted a microarray analysis using MKN-1 cells overexpressing Uc.63- and found that NF-«xB signaling was
significantly upregulated in accordance with Uc.63+ expression.

Conclusion Our results suggest that Uc.63+ could be involved in GC progression by regulating GC cell growth and migra-
tion via NF-kB signaling

Keywords Transcribed ultraconserved region - Gastric cancer - Uc.63+ - NF-kB

Introduction

Gastric cancer (GC) remains a deadly disease providing
a great challenge in clinical management despite a steady
decline in its incidence [1, 2]. Despite increased under-
standing of the genetic and epigenetic events involved in
the pathogenesis of GC, the absence of solid methods for the
diagnosis and treatment of GC remains one of the biggest
difficulties in dealing with this disease [3, 4]. Additional in-
depth analysis of the pathogenesis and biological features
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of GC is necessary to further enhance the elucidation of its
molecular machinery, which could potentially lead to the
improvement of current clinical care for GC.

Transcribed ultraconserved regions (T-UCRs) are
genomic regions conserved across large evolutionary dis-
tances, which encode for non-coding RNAs that serve as
regulators of gene expression. It has been reported that most
of the T-UCRs found in normal human tissues are ubiqui-
tous, tissue-specific, or both [5-7]. Growing evidence shows
that T-UCRs are altered at the transcriptional level in human
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tumorigenesis, and the aberrant T-UCRSs’ expression profiles
can be used to differentiate human cancer types [8—12]. We
have investigated the expression and molecular mechanism
of T-UCRs in several cancers, and have revealed deregula-
tion of a couple of T-UCRs in GC and prostate cancer (PC),
some of which surely have contributed to the progression
of the cancers [13-15]. Among them, Uc.63+ especially
peaked our interest as it is a promising marker for the detec-
tion and stratification of resistance to docetaxel treatment
of patients with PC [15]. In addition to our previous study,
several different papers have also mentioned upregulation
of Uc.63+ and the oncogenic role of Uc.63+in breast and
colorectal cancer [16, 17]; however, there have been no
reports dealing with Uc.63+in GC so far, to our knowl-
edge. Moreover, neither of the published reports mentioned
what signals or molecules interact with Uc.63+ expression
in cancer biology.

The present study evaluated the expression and role of
Uc.63+in GC by analyzing its expression and distribu-
tion using qRT-PCR and in situ hybridization, and exam-
ining the relationship between Uc.63+ overexpression and
clinico-pathological features. We also attempted to reveal
the molecular mechanism that underlies the regulation of
Uc.63+ expression by a microarray analysis and subsequent
in silico analysis to help provide further supportive evidence
of Uc.63+ expression as an indicator of GC with a more
malignant phenotype.

Materials and methods
Patients and tissues

For qRT-PCR analysis, 40 pairs of GC and non-neoplastic
gastric mucosa tissues were used. For in situ hybridization
(ISH), archival formalin-fixed, paraffin-embedded tissues
from 3 adenomas, and 10 intestinal-type and 10 diffuse-type
GCs were used. All of the samples from primary tumors and
adjacent non-neoplastic mucosa were collected from patients
diagnosed as having GC who underwent surgery between
2005 and 2008 at Hiroshima University Hospital (Hiro-
shima, Japan). All samples were collected after obtaining
appropriate informed consent from the patients. This study
was approved by the Ethics Committee for Human Genome
Research of Hiroshima University and conformed to the eth-
ical guidelines of the Declaration of Helsinki. Tumor staging
was determined according to the TNM classification system.
Histological classification was carried out according to the
Lauren classification [18].
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qRT-PCR

Extraction of total RNA, synthesis of cDNA, and qRT-PCR
were performed as described previously [19]. Briefly, total
RNA was isolated from frozen samples or cancer cell lines
using Isogen (Nippon Gene, Tokyo, Japan), and 1 pg of total
RNA was converted to cDNA with a First Strand cDNA
Synthesis Kit (Amersham Biosciences Corp., Piscataway,
NJ, USA). The qPCR was performed with an SYBR Select
Master Mix kit (Applied Biosystems, Austin, TX, USA).
The primer sequences for the detection of all of the genes
which we studied will be provided upon request. Real-time
detection of the emission intensity of SYBR green bound to
double-stranded DNA was performed with a CFX Connect
Real-Time System (Bio-Rad Laboratories, Hercules, CA,
USA). ACTB-specific PCR products, which were amplified
from the same RNA samples, served as internal controls.

ISH

All of the procedures were performed as described previ-
ously [15]. Section 10-pm thick were rehydrated with xylene
and 70-100% ethanol. Thereafter, sections were treated
with 0.2-M sodium chloride and proteinase K. Slides were
post-fixed, and sections were then demethylated with acetic
anhydride and prehybridized. Hybridization was carried out
in a humid chamber with 500 ng/mL of freshly prepared
digoxigenin-labeled RNA probe of UC63. Sections were
incubated for at least 48 h at 65 °C. The slides were washed,
and incubation of the secondary anti-digoxigenin antibody
(Roche Diagnostics, Indianapolis, IN, USA) was carried out
at 4 °C overnight. The next day, sections were washed and
developed using Nitro Blue Tetrazolium Chloride/5-Brom-
4-Chlor-3-Indolyl-Phosphat (Roche Diagnostics).

Cell lines

Ten cell lines derived from human GC (MKN-1, MKN-7,
MKN-45, MKN-74, HSC-57, TMK-1, KATO-III, HSC-39,
HSC-44PE, and HSC-44As3) were used. HSC-39, HSC-57,
HSC-44PE, and HSC-44As3 were established by Kazuyoshi
Yanagihara [20, 21]. All cell lines were maintained in RPMI
1640 (05918; Nissui Pharmaceutical Co., Ltd., Tokyo) con-
taining 10% fetal bovine serum (14-501F; BioWhittaker,
Walkersville, MD, USA) in a humidified atmosphere of 5%
CO, and 95% air at 37 °C. For low-oxygen condition, we
cultured MKN-1 with 3% O,.

RNA interference (RNAi) and expression vector

Silencer® Select (Ambion, Austin, TX) against Uc.63+ was
used for RNAi. Two independent oligonucleotides and
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negative control siRNA (Invitrogen, Carlsbad, CA, USA)
were used. The sequence of siRNA#1 was 5'-AAAGAUGUU
AACACUACCUga-3', and that of siRNA#2 was 5'-UUU
GGUGCUAAAUUUAUGCac-3". The sequence of siRNA
for Uc.160 + was described as previously [14]. In total,
1.0 x 10° cells of HSC-44As3 and MKN-1 were plated on
a 10-cm culture dish 24 h before transfection. Transfection
was performed using Lipofectamine RNAiIMAX (Invitro-
gen) according to the manufacturer’s instructions. Cells were
used 48 h after transfection in each of the experiments and
assays. For constitutive expression of Uc.63+, cDNA was
PCR amplified and subcloned into pcDNA 3.1 (Invitrogen).
The pcDNA-Uc.63+ expression vector was transfected into
MKN-1 cells with FUGENEG6 (Roche Diagnostics) according
to the manufacturer’s instructions.

Cell growth assay and wound healing assay

To examine cell growth, an MTT assay was performed as
described previously [22]. Cell growth was monitored after
1, 2, and 4 days.

Microarray analysis and bioinformatics

Total RNA from MKN-1 cells with forced expression of
Uc.63+ and its control was isolated by lysing cells in Iso-
gen lysis buffer (Nippon Gene) and further purified with
RNeasy MinElute CleanUp Kit (QIAGEN). We performed
microarray analyses using the Human Genome U133 Plus
2.0 Array (Affymetrix, Santa Clara, CA, USA). The arrays
were scanned with a GeneChip Scanner 3000 (Affymetrix),
and the data were analyzed by Microarray Suite version 5.0
with Affymetrix default analysis settings and global scaling
as the normalization method. Gene Set Enrichment Analy-
sis (GSEA) (http://www.broadinstitute.org/gsea) was also
applied for the analysis and validation of the gene expres-
sion profiles.

Western blotting

Western blotting was performed as described previously
[23]. Immunocomplexes were visualized with an ECL
Western blot detection system (RPN2109; Amersham Bio-
sciences, Buckinghamshire, UK). -Actin (A5316; Sigma-
Aldrich) was also stained as a loading control.

Immunohistochemistry (IHC)

Immunostaining was performed as described previously
[23]. Anti-NF-xB p65 antibody was purchased from Cell
Signaling Technology (D14E12, 1:500; Danvers, MA,
USA).

Kaplan-Meier analysis

Kaplan—Meier analysis was performed for RELA using
the KMplot software from a database of public microar-
ray data sets (http://kmplot.com/analysis). The results
from 876 GC patients were collected from this database.
Kaplan—Meier analysis was performed for Uc.63 (chromo-
some 2. 61727035-61727312) using TCGA software from a
database of public RNA-sequencing data sets (http://kmplo
t.com/analysis). The results from 253 GC patients were col-
lected from this database. To analyze the prognostic value
of the probe, the samples were split into two groups accord-
ing to the cutoff value generated by the software. Hazard
ratios and p values (log-rank p) are shown for each survival
analysis.

Statistical methods

Statistical differences were evaluated using a two-tailed
Student’s ¢ test or Mann—Whitney U test. The correlation
between expression levels of Uc.63+ and clinico-patholog-
ical characteristics was analyzed with Fisher’s exact test.
The results are expressed as the mean + SD of triplicate
measurements. A p value of less than 0.05 was considered
statistically significant.

Results

Uc.63+ expression in GC and its clinico-pathological
significance

We compared the expression of Uc.63+1in 40 GC tissues
and corresponding normal stomach tissues by qRT-PCR.
As shown in Fig. 1a, most of the GC tissues showed higher
Uc.63+ expression than those of normal stomach. When
we regarded a GC tissue/normal stomach tissue ratio > 2.0
as upregulation, 21 of 40 GC cases showed upregulation
of Uc.63+ (Fig. 1b). We also evaluated the correlation
between Uc.63+ expression and clinico-pathological
characteristics in the 40 GC cases, and found that higher
Uc.63+ expression was significantly correlated with
advanced T grade, N grade, stage, and a tendency to show
diffuse-type histology (Table 1). We then looked into the
correlation between Uc.63 expression and GC patient’s
survival using TCGA data base, and found that there was
no significant correlation between them (Figure S1). To
further validate the data obtained from qRT-PCR-based
studies, we performed ISH using GC tissue sections with
10 intestinal-type and 10 diffuse-type histologies, respec-
tively. The areas displaying non-neoplastic mucosa,
including fundic glands and intestinal metaplasia, and
adenomas did not show any obvious signals (Fig. 1c). In
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Fig.1 Uc.63+expression in
gastric cancer (GC) and its
clinico-pathological signifi-
cance. a The qRT-PCR results
for Uc.63+in 40 GC tissues and
corresponding normal mucosa.
b T/N ratio of UC63 expression
level between GC tissue (T) and
corresponding non-neoplastic
mucosa (N) in 40 GC cases.

A T/N ratio greater than 2

was considered to represent
overexpression. ¢ In situ
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hybridization of Uc.63+in non-
neoplastic mucosa, adenoma
and GC tissue. Left upper panel:
fundic gland. Left middle panel:
intestinal metaplasia. Left lower
panel: gastric adenoma. Middle
and right upper panels: low and
high magnification of intestinal-
type GC. Middle and right
middle panels: low and high
magnification of diffuse-type
GC case (solid type). Middle
and right lower panels: low and
high magnification of diffuse-
type GC cases (mucinous
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the cancerous areas, we could detect a robust signal of
Uc.63+1in 9 of 10 diffuse-type GC cases, whereas almost
no signals were detectable in all 10 of the intestinal-type
GC cases (Fig. 1c), which was consistent with the results
obtained with qRT-PCR. Concerning the distribution of
Uc.63+ expression in the tissue section, most of the cancer
cells displaying diffuse-type histology in Uc63 + positive
GC cases showed detectable signals of Uc.63+ regardless
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of localization such as intramucosal region and invasive
front. One of the points that piqued our interest is that the
cancer cells displaying intestinal-type histology even in
Uc63 + positive GC cases that are mainly composed of
diffuse-type histology did not showed detectable signals
of Uc.63+, which further support the results obtained with
qRT-PCR. These data indicated that Uc.63+ contributes to
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Table 1 Correlation between Uc.63+expression and clinico-patho-
logical features

Uc.63+ expression p value®
Low High

Age (years) 0.982
<65 5 (56) 6
> 65 14 (40) 15

Sex 0.333
Male 5 (44) 9
Female 14 (56) 12

pT stage < 0.001
pT1/2 12(57) 2
pT3/4 7 (42) 19

pN stage 0.007
pNO 16 (58) 9
pN1/2/3 3(37) 12

pStage 0.011
pStage I/11 17 (60) 11
pStage III/IV 237 10

Histology 0.059
Intestinal type 12 (41) 7
Diffuse type 7(55) 14

History of H. pylori infection 0.872
Present 4 6
No 15 15

2Chi square test

the progression of GC and tends to express in GC tissues
with diffuse-type histology.

Preference of Uc.63+ expression in GC cell lines
and correlation with cell growth

To further verify the aforementioned findings, we investi-
gated the functional role of Uc.63+in GC. We first exam-
ined Uc.63+expression in 5 non-neoplastic gastric mucosa
and 10 GC cell lines. All of the GC cell lines showed high
Uc.63+ expression compared to that in normal tissue. The
cell lines derived from diffuse-type GC especially showed
higher Uc.63+ expression than that in GC cells from the
other types GC (Fig. 2a), which further supported the pref-
erence of Uc.63+ expression in diffuse-type GC. Although
one previous study reported that Uc.63+ was induced by
hypoxia in colorectal cancer, there have been no reports
concerning the regulatory mechanism of Uc.63+ expres-
sion in cancer. We cultured MKN-1 cell in the incubator
with 3% O,, and found that both HIF1A and Uc.63+ were
significantly upregulated (Figure S2A). To elucidate the bio-
logical function of Uc.63+1in GC, we transfected a vector
containing the whole sequence of Uc.63+4into MKN-1 cells
that possessed the lowest level of Uc.63+expression among

the 10 GC cell lines and established two different clones of
MKN-1 with the forced expression of Uc.63+. Transfec-
tion of the vector successfully induced Uc.63+ overexpres-
sion in both of the clones (Fig. 2b). We then performed an
MTT assay and found that MKN-1 cells transfected with the
Uc.63+ expression vector showed significantly enhanced cell
proliferation (Fig. 2¢). We previously reported that down
regulation of Uc.160 +is involved in GC progression [14].
When we inhibited Uc.160 + by a specific siRNA in concert
with transfection of Uc.63+ expression vector, cell prolif-
eration was significantly enhanced compared to that of only
Uc.63+ overexpression (Figure S2B). To further determine
the importance of Uc.63+in GC cell proliferation, we inves-
tigated the effects of Uc.63+knockdown by siRNAs that
specifically target Uc.63+. We confirmed a significantly
lower Uc.634 expression in HSC-44As3 cells with two dif-
ferent siRNAs than that in the negative control (Fig. 2d). In
the MTT assay, we found that Uc.63+ knockdown inversely
reduced cell proliferation (Fig. 2e). These results support
the likely probability of Uc.63+to have an oncogenic role
in GC.

Search for genes and molecular pathways
influenced by Uc.63+ overexpression using
microarray and in silico analysis

To further scrutinize the molecular basis of the GC phe-
notypes driven by Uc.63+ overexpression, we performed
a microarray analysis using 2 clones of MKN-1 with
Uc.63+ overexpression and its controls. The expression
profile was mainly validated in GSEA. We identified 368
upregulated genes (p <0.01 and > twofold change) and 194
downregulated genes (p <0.01 and < 0.5-fold change). The
list of 20 genes that showed specific upregulation are sum-
marized in Table 2. Notably, many chemokine-related genes,
such as IL6 and CCL2, were upregulated in accordance with
Uc.63+ overexpression which was further supported by
Gene Ontology (GO) analysis that indicated a significant
alteration of several chemokine-related GO terms including
“cytokine activity” and “Interleukin-1 receptor binding”. To
further clarify the phenotype of MKN-1 with Uc.63+ over-
expression, we performed GSEA analysis especially focus-
ing on the above-mentioned 368 upregulated genes that
showed specific up-regulation along with Uc.63+ overex-
pression, and determined a significant enrichment of gene
sets for “HINATA_NFKB_IMMU_INF” in MKN-1 with
Uc.63+4 overexpression (Table 3 and Fig. 3a). We chose the
top 8 upregulated genes that were involved in chemokine
activity from the list of upregulated genes (Fig. 3b), and
their upregulation was further validated by qRT-PCR
(Fig. 3c). We then examined the effect of Uc.63+ on the
expression of p65, which is one of the important subunits
in the NF-kB complex. As shown in Fig. 3d, expression of
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«Fig.2 Preference of Uc.63+expression in gastric cancer (GC)
cell lines and correlation with cell growth. a The qRT-PCR results
for Uc.63+in 5 non-neoplastic gastric tissues and 10 GC cell
lines. b The qRT-PCR for Uc.63+in MKN-1 cells transfected with
Uc.63+expression vector or empty vector. The results are expressed
as the mean+SD of triplicate measurements. ¢ MTT assay in
MKN-1 cells transfected with Uc.63+expression vector or empty
vector. Cell growth was assessed at 1, 2, and 4 days after seeding on
96-well plates. Bars and error bars are the mean=+ SD, respectively,
of triplicate measurements. d The qRT-PCR results for Uc.63+in
HSC-44As3 cells transfected with negative control or two differ-
ent siRNAs. The results are expressed as the mean +SD of triplicate
measurements. € MTT assay in the negative control and two different
siRNAs. Cell growth was assessed at 1, 2, and 4 days after seeding on
96-well plates. Bars and error bars are the mean + SD, respectively, of
triplicate measurements

p65 was obviously induced by Uc.63+ overexpression. To
further confirm the expression of p65, we performed IHC
and detected robust expression in the nucleus and the spe-
cific siRNA for RELA, which is the coding gene of p635, sig-
nificantly silenced p65 expression (Figure S3A). To further
determine the importance of p65 expression in GC cell pro-
liferation, we performed MTT assay using above-mentioned
2 MKN-1 cells showed in Figure S3A and found that knock-
down of p65 significantly inhibited cell growth activity. We
found that Uc.63+ knockdown inversely reduced cell pro-
liferation (Fig. 2e). We also examined the relation between
expression of RELA and the prognosis of the patients with
GC using a public on-line database. We found that GC
cases with higher expression of RELA showed significantly

worse prognosis than those with lower expression of RELA
(Fig. 3e), which further supported that the Uc.63+/NF-xB
axis contributes to GC progression and can lead to poor
clinical outcome of GC patients.

Discussion

The results of the present study showed the clinico-patho-
logical significance of Uc.63+ expression in GC and pro-
vided evidence that GC cases with Uc.634 overexpression
are more likely to be related to advanced cancer and that
Uc.63+ overexpression is preferentially seen in diffuse-type
GC. To our knowledge, only two studies have mentioned
the clinical significance of Uc.634 expression: Marini et al.
revealed that higher Uc.63+ expression was significantly
correlated with poor clinical outcome of breast cancer
patients [16], and we previously identified that high levels of
Uc.63+ expression were frequently detected in patients with
castration-resistant PC and docetaxel-resistant PC [15], both
of which demonstrated that Uc.63+ may play an oncogenic
role in cancer tissues and are consistent with our present
data in GC. In the present study, we found that there was
no significant correlation between the correlation between
Uc.63 expression and GC patient’s survival using TCGA
database. However, one issue is that the expression of Uc.63
was determined with whole transcripts from chromosome 2.
61727035-61727312, which means that expression of both
Uc.63+and Uc.63+ A would be evaluated in the study. To

Table2 Top 20 upregulated

. Symbol Accession# Gene_title Score

genes by Uc.63+ overexpression

in gene set enrichment analysis PNLDC1 NM_001271862 Poly(A)-specific ribonuclease-like domain containing I~ 2.9149
RARRESI1 NM_206963.2 Retinoic acid receptor responder 1 2.8896
UGT1A8 NM_019076.4 UDP glucuronosyltransferase family 1 member A8 2.7495
EREG NM_001432.3 Epiregulin 2.6657
ANGPTL2 NM_012098.3 Angiopoietin-like 2 2.6085
BST2 NM_004335.4 Bone marrow stromal cell antigen 2 2.5892
SERPINB9 NM_004155.6 Serpin peptidase inhibitor, clade B, member 9 2.4733
NNMT NM_001372047.1 Nicotinamide N-methyltransferase 2.4042
1IL6 NM_000600.5 Interleukin 6 (interferon, beta 2) 2.3344
STEAP4 NM_024636.4 STEAP family member 4 2.309
MEST NM_177524.2 Mesoderm specific transcript homolog 2.2814
TNS4 NM_032865.6 Tensin 4 2.2491
MYHAS NR_125367.1 Myosin heavy chain gene cluster antisense RNA 2.18884
SAA4 NM_006512.4 Serum amyloid A4 2.1407
SAA1 NM_000331.5 Serum amyloid A1 2.1213
ZFP57 NM_001366333.2  Zinc finger protein 57 homolog 2.1107
CCL2 NM_002982.4 Chemokine (C—C motif) ligand 2 2.0806
SEMA3A NM_006080.3 Sema domain, immunoglobulin domain, secreted 3A 2.0644
ME3 NM_001161586.1 Malic enzyme 3, NADP(+)-dependent, mitochondrial 2.0634
KRT5 NM_000424.4 Keratin 5 2.0615

@ Springer



870

N. Sakamoto et al.

precisely evaluate the direct correlation between Uc.63+and
GC patients’ survival, we could examine Uc.63+ expression
using GC samples with the information of patient’s progno-
sis. Although our results indicated that high Uc.63+ expres-
sion was preferentially seen in diffuse-type GC tissues and
cells, we could not obtain any clues implying the molecular
basis that underpin the diffuse-type morphology of GC from
either the microarray or the in silico analysis. In breast can-
cer, higher Uc.63+ expression was significantly associated
with poor prognosis only in luminal type A breast cancer
cases [16], which also indicates that Uc.63+ could play a
functional role only in some specific histological types of
cancers. Further in-depth studies are still needed to char-
acterize the mechanism underlying the correlation between
Uc.63+ expression and pathological characteristics of the
cancers, which may also reveal the fundamental mechanisms
commonly involved in the progression of several types of
cancers.

Another important finding of this study is that
Uc.63+ overexpression significantly induced activation of
NF-kB signaling. In terms of the regulatory machinery of
Uc.63+ expression, evidence indicated that Uc.63+ expres-
sion was regulated by hypoxia [17], and the plausible pro-
moter region of Uc.63+ was thought to have a binding site
of hypoxia-inducible factor [16]. As for the downstream
targets of Uc.63+, we previously revealed that Uc.63+reg-
ulated the expression of MMP2 through its interaction
with miR-130b regulation [15]. As far as we know, there
is little evidence of Uc.63+ being implicated in the regula-
tion of some specific genes and/or signalings; this is the

Fig.3 Search for the genes and molecular pathways influenced by »
Uc.63+overexpression using microarray and in silico analysis. a
GSEA of MKN-1 with Uc.63+ overexpression versus its control,
highlighting the enrichment of NF-kB-related genes. b A heat map
showing chemokine-related genes in MKN-1 with Uc.63+ over-
expression and its control. ¢ The qRT-PCR results for chemokine-
related genes in MKN-1 with Uc.63+ overexpression and its control.
d Western blot analysis of p65 in MKN-1 with Uc.63+4 overexpres-
sion and its control. B-Actin was used as a loading control. e Kaplan—
Meier analysis of the probability of overall survival in GC patients
according to RELA expression. Hazard ratios (HRs) and p values
(log-rank test) are shown for each survival analysis

first study to report the direct effect of T-UCRs on NF-kB
signaling and its downstream target p65. However, one
of the limitations of this study is that we could not clar-
ify whether Uc.634 directly affects the expression of the
components of the NF-kB signaling pathway. Several lines
of study have provided evidence for an important role of
the interaction between T-UCRs and miRNA in cancer
biology [24-26], and we have actually identified the tight
interaction between Uc.63+ and miR-130b. By reviewing
TargetScanHuman (http://www.targetscan.org/vert_72/)
to find candidates of target genes of miR-130b, several
NF-kB-related genes, such as TNFRSF11A [27] and NKAP
[28], were listed (data not shown); further validation of
this list may lead to the identification of solid evidence
concerning the involvement of Uc.63+ in the regulation
of NF-xB signaling. The other possible explanation is that
there could probably be many miRNAs that are potentially
regulated by Uc.63+, which may also help to inform how
Uc.63+1is involved in the regulation of NF-kB signaling.

Table 3 Representative

: Name Size ES NES NOM p-val FDR g-val
signals deregulated by

Uc.63+ overexpression P53_DN.V1_UP 179 0.5818 22372 <0.001 6.59E—05

BMII_DN.V1_UP 134 0.6088 2.2366 <0.001 8.26E—05

ATF2_UP.VI_DN 167 0.5766 2.2058 <0.001 4.98E-05

MEK_UP.VI_UP 179 0.5532 2.1199 0.001 3.11E-04

ERB2_UP.VI_UP 177 0.5574 2.1112 0.001 2.49E-04

EGFR_UP.VI_UP 178 0.5527 2.1034 0.001 2.07E—-04

KRAS.PROSTATE_UP.V1_UP 127 0.5703 2.0814 0.001 1.38E—04

HINATA_NFKB_IMMU_INF 16 0.8305 2.08013 0.001 1.24E—04

KRAS.600_UP.V1_UP 265 0.5082 2.0107 0.001 1.13E—04

BCAT.100_UP.V1_UP 47 0.6391 1.9973 0.001 9.58E—05

PRC2_EZH2_UP.V1_DN 180 0.5168 1.9842 0.001 8.30E—05

KRAS.LUNG_UP.V1_DN 128 0.5274 1.9501 0.002 1.52E—04

MYC_UP.VI_DN 143 0.5196 1.9494 0.002 1.43E—04

PIGF_UP.V1_DN 175 0.5053 1.9421 0.002 1.35E—04

LTE2_UP.V1_DN 185 0.5072 1.9408 0.002 1.28E—04

E2F1_UP.VI_DN 172 0.5055 1.9278 0.003 1.75E—04
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Taken together, these findings call for additional studies
on the interaction between Uc.63+ and miRNAs to deter-
mine all the aspects of the molecular mechanism in cancer
biology.

In closing, the present study verified the clinico-patholog-
ical significance of Uc.634 overexpression in GC and also
proved the oncogenic role of Uc.63+ through the regulation
of NF-«B signaling. Although the details of the interaction
between Uc.63+ and NF-kB signaling in GC remain unclear,
these data highlight its pivotal role in the progression of GC.
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